Objectives. To determine adherence to the 2011 National Heart, Lung, and Blood Institute lipid screening guidelines and identify patient factors promoting screening. Methods. Records of children who received well-child care at age 11 years and turned 12 in 2013 were reviewed. Subjects were stratified by guideline-defined dyslipidemia risk based on documented medical or family history risk factors. We defined adherence as the order of a lipid profile when age 11 years or completed lipid screening at 9 to 10 years. Results. Of 298 subjects, 42% were assigned to the dyslipidemia high-risk subgroup. Records of 27.2% demonstrated adherence. Fifty-six percent of high-risk subjects versus 6% of their non-high-risk counterparts received lipid screening by age 12 (P < .001). Among screened subjects, history of obesity and parental history of dyslipidemia were significantly associated with lipid testing. Conclusions. Lipid screening rates were low. Strategies to increase lipid screening in the primary care setting are needed.
Introduction
Cardiovascular disease (CVD) is the leading cause of death among adults in the United States. 1 Abnormal blood lipid levels developed during childhood contribute to the atherosclerotic process underlying CVD. [2] [3] [4] A recent analysis of National Health and Nutrition Examination Survey data collected between 1998 and 2010 estimated that 24.6% of US children ages 9 to 11 years had either abnormally low high-density lipoprotein (HDL) cholesterol or elevated non-HDL cholesterol. 5 In response to these trends, the National Heart, Lung, and Blood Institute (NHBLI) released a comprehensive set of integrated guidelines for cardiovascular health for children in December 2011. 6 The guidelines set criteria to identify children at high dyslipidemia risk and recommended fasting lipid panel screening for these children at ages 2 to 8 years and again at ages 12 to 16 years. The guidelines also recommended universal lipid screening for those identified as not high risk using a nonfasting, non-HDL cholesterol at ages 9 to 11 years and again at ages 17 to 21 years. The recommendation for universal screening of 9 to 11 year olds was received with some resistance by health care providers. 7, 8 Cholesterol testing ordered at health maintenance visits for US children and adolescents over 1995 to 2010 was under 10% for all age groups. 9 Similarly, over the period 2007 to 2010, <10% of children ages 3 to 19 years in community practice had lipid screening. 10 No studies have investigated cholesterol screening rates since publication of the new NHLBI guidelines. The objectives of this study are to (a) examine rates of adherence by physicians to the 2011 NHLBI recommendation for lipid screening of children ages 9 to 11 years in the primary care setting and (b) identify the effects of select medical risk factors and family history on screening.
Methods
We retrospectively reviewed medical records from 2 pediatric clinics owned by an urban pediatric tertiary care hospital. Both clinics are sites of pediatric resident training, and one site also has periods of care delivery by attending pediatricians without resident involvement. Records selected for review included all patients born in 2001 who received a well-child visit at these sites when age 11 years. Thus, the review at age 11 years for all subjects encompassed 1-year periods overlapping 2012 and 2013, which was after the release of the NHLBI guidelines. The Ann & Robert H. Lurie Children's Hospital of Chicago Institutional Review Board approved the study.
Data were collected via download from the electronic medical record (EMR). These clinics implemented an EMR in April 2007. For each subject, data were collected from the earliest visit recorded in the EMR until the subject reached 12 years of age, within the time period April 1, 2007, through December 31, 2013. Data elements reviewed included sociodemographics, anthropometrics, family and past medical history, and clinical outcomes for each primary care visit (diagnoses, problem lists, laboratory studies, medications, orders). Additionally, to identify information that may have been typed into the record as free text, we used free-text queries (ie, searched for words likely to be used for documentation purposes, such as "lipid," "cholesterol," etc). Content of record pages identified by this method was individually reviewed for family and past medical history as well as care management.
Anthropometric data from primary care visits were used to assign body mass index (BMI) percentiles, which were interpreted using Epi Info 3.5.3 (National Center for Health Statistics, Centers for Disease Control & Prevention [CDC], Atlanta, GA; 2011). History of obesity was defined as BMI ≥ 95% at any point in the past, using the CDC 2000 BMI percentile references. 11 Blood pressure percentiles were interpreted using Health Indicators Analyzer (HIA) software (2003; Ann & Robert H. Lurie Children's Hospital of Chicago, Chicago, IL), which uses age-specific NHLBI references. 12 A history of hypertension was defined in accordance with the algorithm provided in the NHBLI guidelines as blood pressure (BP) ≥95% when averaged over at least 2 consecutive visits, ideally within a 2-week period.
Data were used to assign the presence or absence of medical and family history risk factors (Table 1) , as defined by the guidelines. 6 We then stratified subjects into 2 groups in accordance with the 2011 NHLBI guidelines: the "high-risk" group included those with at least one documented risk factor, and the "nonhigh-risk" group included those with no documented history of any relevant risk factors. Subjects with records lacking specific negative documentation (eg, records that had no documentation on parental total cholesterol or parental dyslipidemia status) were considered not to have the risk factors. Finally, we have interpreted adherence to the guidelines as the documented order of a nonfasting or fasting lipid profile when the subject was age 11 years or completed nonfasting or fasting lipid profile at ages 9 to 10 years, regardless of previous screening. We required only a documented order as opposed to a completed profile for subjects age 11 to allow for future testing.
We generated descriptive statistics to characterize the study population. Univariate analyses were carried out using χ 2 for proportions, Student's t test for means, and Mann-Whitney U test for nonnormally distributed data (number of visits to primary care provider). All data were analyzed using IBM SPSS Statistics, version 22.0. A P value <.05 indicated statistical significance.
Results
The study population consisted of 298 children ( Table 2 ). The population was almost exclusively publicly insured, and the majority of subjects were either Hispanic or African American. Nearly 42% of subjects were classified as high risk. There were no statistically significant differences in sociodemographic factors between the high-risk and non-high-risk groups ( Table 2 ). Of note, subjects in the high-risk group visited their primary care provider more frequently at age 11 than subjects in the non-high-risk group (2.1 vs 1.6 visits on average at age 11, P < .001).
The most prevalent risk factor qualifying a child for more selective screening was obesity, with over 67% of high-risk children (84/125) having a documented history For all subjects, the overall rate of lipid screening at ages 9 to 11 years was 27.2% (81/298). High-risk group subjects were significantly more likely to have received any lipid screening as compared to non-high-risk group subjects (56% vs 6.4%; P < .001).
We further evaluated screening rates before and after publication of the NHLBI guidelines (December 1, 2011). For all subjects, 12.4% (37/298) were screened prior to the guidelines. Of the remaining 261 unscreened subjects, 16.9% (44/261) were screened following publication of the new guidelines. Among the high-risk group, 25.6% (32/125) completed a lipid screen prior to the guidelines, and 40.9% (38/93) of the remaining unscreened subjects had a lipid screen ordered after that date, but before they turned 12 years old (P = .09). Among the non-high-risk group, 2.9% (5/173) completed a lipid screen prior to December 2011, and 3.6% (6/168) of the remaining unscreened subjects had a lipid screen ordered after that date, but before they turned 12 years old (P = .73).
Overall evaluation of risk factors that might have prompted screening showed that having a history of obesity (P < .001) or a family history of dyslipidemia (P = .007) was associated with lipid screening. Having a history of hypertension (P = .13) or a family history of early CVD (P = .30) was not associated with lipid screening.
Discussion
Our data show that prior to the publication of the 2011 NHLBI guidelines, <13% of children ages 9 or 10 years seen in an urban primary care clinic had completed lipid screening. By the completion of their 12th year, which was at least 1 year after release of the NHLBI guidelines, over 27% of subjects had lipid screening. Overall, 17% of previously unscreened children were screened prior to their 12th birthday. A recent, large retrospective study found that 3.2% of children ages 9 to 11 received lipid screening in the years 1995 to 2010 nationwide. 9 The lipid screening rate in our study is much higher and may be driven in part by obesity screening recommendations published in 2007. 13 Prior to the 2011 NHBLI guidelines, subjects in this study with a history of medical or family risk for dyslipidemia were screened more often in accordance with the prevailing American Academy of Pediatrics-endorsed risk-based strategy. 14 However, we found screening rates were still less than 30% for this higher-risk group. Interestingly, we found that 3% of children with no identifiable risk factors were being screened in these years for unclear reasons. This may reflect clinician response to risk factors not documented in the medical record.
After publication of the 2011 NHBLI guidelines recommending universal screening for children ages 9 to 11, our data show that lipid screening rates remained low. Less than 41% of previously unscreened, high-risk subjects and 3.6% of unscreened, non-high-risk subjects received lipid screening by age 12. Lipid screening rates before and after the 2011 NHLBI guidelines were similar within risk groups.
Importantly, our data demonstrate that adherence to the 2011 NHLBI guidelines is far from universal, as fewer than 30% of all subjects received lipid screening by age 12. Moreover, 44% of children with a higher risk of dyslipidemia and potential CVD burden remained unscreened by the end of our study period. Several iterations of American Academy of Pediatrics and NHBLI guidelines dating back to 1992 have recommended early screening of this subgroup to identify opportunities for lifestyle modification and even pharmacologic intervention in more severe cases. 6, 15, 16 Nonetheless, a significant portion of this high-risk subpopulation is still not being captured by current screening practices.
We observed that having a history of obesity (BMI >95th percentile) was the most common risk factor present in the portion of the population that received lipid screening. Our findings agree with recent studies evaluating practices prior to the publication of the 2011 NHBLI guidelines that identified increased BMI as a predictor of lipid screening in children. 10, 17 Moreover, we identified a documented family history of dyslipidemia as a risk factor that was significantly more prevalent among those tested versus their counterparts who did not receive lipid screening before age 12 years. Interestingly, there were a number of other risk factors named by the NHBLI guidelines that would merit more selective lipid screening, such as a history of hypertension or a family history of early CVD, that were not significantly associated with lipid screening in this population. It is possible that this study was not adequately powered to detect these differences or that the presence of these risk factors is not as likely to prompt a physician to order lipid screening for a child. Moreover, the diagnosis of hypertension and the elicitation of a complete family history can be time-intensive processes, which may make it more difficult for physicians to identify these risks in their patients. In our study, we found that fewer than 25% of subjects had clear documentation of family risk factors. Further education and quality improvement is needed to facilitate assessment and documentation of these specific measures.
A strength of this study is that it assessed lipid screening immediately prior to and following the introduction of the 2011 NHBLI guidelines. Limitations of this study include the relatively small sample size and location of this study at 2 clinics associated with a large tertiary academic setting. These factors limit the generalizability of the findings to other settings. However, the attending pediatricians at these clinics are charged with teaching best practices and should thus be familiar with new guidelines as they are introduced. Additionally, this was a retrospective study that relied on documentation of risk factors and screening in the EMR. Many records lacked documentation related to CVD risk and were, by default, placed in the not high-risk group. Since children at high risk were more often screened, improved documentation of CVD risk factors may be one way to improve lipid screening rates.
In conclusion, adherence to the NHLBI lipid screening guidelines was low. Children with CVD risk factors were more often screened than children without. Future evaluations should continue to assess screening adherence for subgroups of children based on family and medical risks. Provider education and practice-based quality improvement strategies should be implemented to increase lipid screening.
